The nucleophilic substitution reactions of 2,4-dichloro-6-methylquinoline (1) and 4-chloro-6-methylquinolin-2(1H)-one (7) with malononitrile and ethyl cyanoacetate are described. The quinolinylmalononitrile 8a and cyanoacetate 8b were utilized to prepare the novel polyfunctionalized benzoquinolinones 10a,b, pyridylquinolinones 11a,b, pyrazolylquinolinones 12a-e, isoxazolylquinolinone 13, pyrimidylquinolinones 14a-c, thienoquinolinones 15, 16a,b, and pyridothienoquinolinones 17a,b. The structures of the new compounds were based on analytical and spectral results.
INTRODUCTION
Nucleophilic reactions with chloroquinolines are convenient and lead to the formation of important functionalized derivatives of quinoline, [1] [2] [3] [4] which are associated with promising biological activities. C-Nucleophiles, such as malononitrile and ethyl cyanoacetate, play a unique role in the synthesis of substituted methyl derivatives, which are susceptible for further modification, enabling the synthesis of novel heterocyclic derivatives. [5] [6] [7] The reactions of malononitrile and ethyl cyanoacetate with 2,4-dichloro-6-methylquinoline and 4-chloro-6-methylquinolin-2(1H)-one were investigated. Also the cyclization reactions of the obtained quinolinone derivatives of malononitrile and cyanoacetate to produce novel annulated and/or 4-(azolyl or azinyl)quinolinones of expected biological importance are described herein. In the present work, previous research on the synthesis of novel heterocyclic derivatives, which included principally the 2-quinolinone moiety along with another heterocyclic system at either position 3 or 4, [8] [9] [10] [11] is extended.
4-Chloro-6-methylquinolin-2(1H)-one (7) is readily available by acid hydrolysis of the 2,4-dichloro derivative 1. 1 The nucleophilic substitution of the chlorine at position 4 of compound 7 using malononitrile and/or ethyl cyanoacetate, at a 1:1 mole ratio, was found to take place in the presence of sodium acetate in boiling DMF affording 2-(6-methyl-2-oxo-1,2-dihydroquinolin-4-yl)malononitrile (8a) and ethyl 2-cyano-2-(6-methyl-2-oxo-1,2-dihydroquinolin-4-yl)acetate (8b), respectively.
In addition to the presence of the characteristic bands due to the CºN function in the IR spectrum, the trisubstituted methyl proton was observed as a singlet at d 5.81 and 5.45 in the 1 H NMR spectra of compounds 8a and 8b. Interestingly, the addition reaction of both compounds 8a,b with malononitrile in the presence of piperidine led to the formation of the enamines 9a,b, in good yields. Heating compounds 9a,b in DMF containing potassium carbonate led to the formation of the polyfunctionalized phenanthridin-6(5H)-ones 10a,b. The reaction can be explained by the intramolecular nucleophilic addition of the activated CH at position 3 of the quinolinone moiety to one of the side-chain cyano groups. On the other hand, treatment of compounds 8a,b with ammonium acetate in boiling dioxane effected another type of intramolecular cyclization which occurred at the side chain leading to the 4-(3-pyridyl)quinolinones 11a,b (Scheme 2).
The reaction of the malononitrile derivative 8a with some 1,2-and 1,3-dinucleophiles was investigated with the aim of obtaining some 4-diazolyl or diazinylquinolinones. The optimum medium was boiling DMF, which resulted in the high-est yield of the pure desired products. However, boiling benzene, ethanol, acetic acid and solventless media were also examined. Thus, the reaction of compound 8a with hydrazine hydrate, phenylhydrazine, semicarbazide hydrochloride, thiosemicarbazide, and aminoguanidine bicarbonate smoothly furnished 4-(3,5-diamino-4-pyrazolyl)quinolinones 12a-e (Scheme 3). Similarly, the reaction of compound 8a with hydroxylamine hydrochloride afforded 4-(3,5-diaminoisoxazol-4-yl)-6-methylquinolin-2(1H)-one (13). Also, the three 4-(5-pyrimidyl)quinolinones 14a-c were obtained when compound 8a was reacted with an equal molar amount of urea, thiourea and/or quanidine hydrochloride. The IR spectra of derivatives 12a-e, 13 and 14a-c confirmed the participation of both nitrile groups in the cyclization process. In addition, the 1 H NMR spectra showed the presence of the produced diamino groups, thus supporting the suggested structures (Scheme 3).
Even the thieno[2,3-c]quinolines have interesting biological applications. It was noticed that little synthetic research work had been done in this field. 12 To obtain a new derivative of such a category, compound 8a was treated with sulfur in the presence of triethylamine as a base catalyst, affording 2-amino-8-methyl-4-oxo-4,5-dihydrothieno [2,3- phenylacetyl chloride in pyridine at room temperature, the corresponding acetamides 16a,b were afforded in nearly quantitative yields. Intramolecular cycloaddition of the acetamides 16a,b was effected by the action of sodium ethoxide, leading to the angular tetracyclic systems 17a,b (Scheme 4).
CONCLUSIONS
The reaction of 2,4-dichloro-6-methylquinoline and 4-chloro-6-methylquinolin-2(1H)-one with active C-nucleophiles, such as malononitrile and ethyl cyanoacetate, is considered good procedure for obtaining important synthetic intermediates, which can be utilized to prepare novel 4-heterocyclylquinolinones and annulated quinolinones. A novel thieno [2,3-c] quinolinone was obtainable in good yield via a convenient route starting with the replacement of 4-chloroquinoline with malononitrile in basic medium followed by treatment with sulfur in the presence of triethylamine.
EXPERIMENTAL
Melting points are uncorrected and were determined in open capillary tubes on a digital Gallen-kamp MFB-595 instrument. IR spectra were taken on a Perkin-Elmer FT-IR 1650, using samples in KBr discs. 1 H NMR spectra were recorded on a Varian Gemini-200 spectrometer (200 MHz), using DMSO-d 6 as the solvent and TMS as the internal reference. Mass spectra were determined on a Shimadzu GC-MS-QP 1000 EX instrument or HP-MS 5988 mass spectrometer by direct inlet, operating at 70 eV. Elemental microanalyses were performed at Cairo University, Microanalytical Centre. Compounds 1 and 7 were prepared as described in the literature. 1 Analytical and spectral data are listed in Tables I and II, 
2-(2-Chloro-6-methylquinolin-4-yl)malononitrile (3a) and ethyl 2-cyano-2-(2-chloro-6-methylquinolin-4-yl)acetate (3b)
. Malononitrile (0.33 g, 5 mmol) and/or ethyl cyanoacetate (0.53 mL, 5 mmol) was dissolved in absolute ethanol (25 mL) containing piperidine (0.2 mL) and added to a solution of 2,4-dichloroquinoline 1 (1.06 g, 5 mmol) in ethanol (25 mL). The reaction mixture was then heated under reflux for 3 h, and left to cool to room temperature. The fine crystals were collected by suction and recrystallized.
2-(7-Methyl [1, 2, 3, 4] tetrazolo [1,5-a] quinolin-5-yl)malononitrile (5a) and ethyl 2-cyano-2-(7-methyl [1, 2, 3, 4] tetrazolo [1,5-a] quinolin-5-yl)acetate (5b). To a solution of 3a (0.48 g, 2 mmol) and/or 3b (0.58 g, 2 mmol) in DMF (10 mL), sodium azide (0.16 g, 2.5 mmol) was added and the reaction mixture was stirred at room temperature for 1 h. Then the reaction mixture was diluted with icywater (10 mL) and left to stand for 1 h. The crystalline product was filtered and recrystallized.
2-[2-(Dicyanomethyl)-6-methylquinolin-4-yl]malononitrile (6a) and ethyl 2-cyano-2-[2-(a-cyano-a-ethoxycarbonylmethyl)-6-methylquinolin-4-yl]acetate (6b)
. A mixture of either the 2,4-dichloroquinoline 1 (1.06 g, 5 mmol) or the proper 2-chloroquinolines 3a or 3b (10 mmol), and malononitrile (0.66 g, 10 mmol) or ethyl cyanoacetate (1.06 mL, 10 mmol), in DMF (25 mL) containing piperidine (0.2 mL), was refluxed for 8 h. Then the reaction mixture was poured onto crushed ice and the solid deposits were filtered by suction pump, washed thoroughly with ethanol and crystallized.
2-(6-Methyl-2-oxo-1,2-dihydroquinolin-4-yl)malononitrile (8a) and ethyl 2-cyano-2-(6-methyl-2-oxo-1,2-dihydroquinolin-4-yl)acetate (8b)
. Equimolar amounts (10 mmol) of the 4-chloro derivative 7 (1.93 g) and malononitrile (0.66 g) or ethyl cyanoacetate (1.06 mL), in DMF (50 mL) containing freshly fused sodium acetate (1.64 g, 20 mmol), were heated under reflux for 4-5 h. Then the reaction mixture was diluted with icy water (20 mL) and the crystalline product was filtered and crystallized.
3-Amino-4-cyano-2-(6-methyl-2-oxo-1,2-dihydroquinolin-4-yl)pent-2-enedinitrile (9a) and ethyl 3-amino-4,4-dicyano-2-(6-methyl-2-oxo-1,2-dihydro-quinolin-4-yl)but-2-enoate (9b)
. Equimolar amounts (5 mmol) of malononitrile (0.33 g) and compounds 8a (1.11 g) or 8b (1.35 g), were treated with piperidine (0.2 mL) and ethanol (25 mL). Then the reaction mixture was heated under reflux for 4 h and left to cool to room temperature overnight. The so-obtained crystalline products were collected by filtration and recrystallized.
7,9-Diamino-2-methyl-6-oxo-5,6-dihydrophenanthridine-8,10-dicarbonitrile (10a) and ethyl 7,9-diamino-8-cyano-2-methyl-6-oxo-5,6-dihydrophenanthridine-10-carboxylate (10b). The dinitrile derivative 9a (1.44 g, 5 mmol) or the ester 9b (1.68, 5 mmol), in DMF (20 mL) containing anhydrous potassium carbonate (1.23 g, 15 mmol), was heated, for 6 h. The in-hot afforded solid deposits were filtered off and crystallized to give the respective phenanthridines 10a and 10b.
4-(2,4,6-Triamino-5-cyano-3-pyridyl)-6-methylquinolin-2(1H)-one (11a) and 4-(4,6-diamino-5-cyano-2-hydroxy-3-pyridyl)-6-methylquinolin-2(1H)-one (11b)
. A mixture of the dinitrile derivative 9a (0.58 g, 2 mmol) or the ester 9b (0.67 g, 2 mmol) and ammonium acetate (0.46 g, 6 mmol) in dry dioxane (10 mL) was heated under reflux for 6 h. The solid mass obtained during the course of the reaction was filtered while hot and crystallized to give the corresponding 4-pyridylquinolinones 11a and 11b. 12a-e, isoxazole 13 and pyrimidines (14a-c) . General procedure.
Equimolar amounts (5 mmol) of the malononitrile derivative 8a (1.11 g) and the proper reagent viz. hydrazine hydrate (0.25 mL, 98 %), phenylhydrazine hydrochloride (0.72 g), semicarbazide hydrochloride (0.56 g), thiosemicarbazide (0.45 g), aminoguanidine bicarbonate (0.69 g, 98.5 %), hydroxylamine hydrochloride (0.35 g), urea (0.31 g, 98 %), thiourea (0.38 g), and guanidine hydrochloride (0.48 g), in DMF (25 mL), were heated under reflux for 4 -6 h. After cooling, the precipitate was filtered and crystallized. If no precipitate formed, the reaction mixture was diluted with icy water (20 mL), and the so-formed precipitate was collected using a suction pump and crystallized.
2-Amino-1-cyano-8-methylthieno [2,3-c] quinolin-4(5H)-one (15). To a solution of the malononitrile derivative 8a (2.23 g, 10 mmol) in DMF (50 mL) containing triethylamine (0.2 mmol), sulfur (0.32 g, 10 mmol) was added. The reaction mixture was heated under reflux for 4 h and then allowed to stand at room temperature overnight. The so-formed precipitate was filtered off, dried and crystallized to give the compound 15. [2,3-c] quinolin-4(5H)-one (16a). Equimolar amounts (5 mmol) of compound 15 (1.27 g) and chloroacetyl chloride (0.41 mL, 98 %) or phenylacetyl chloride (0.78 g, 99 %), in dry pyridine (20 mL), were stirred at room temperature for 4 h. Then the mixture was poured onto acidified crushed ice and the solid product that formed was crystallized to give the corresponding amide 16a,b. [2',3'-4,5] thieno [2,3-c] quinoline-6,9(5H,8H)-dione (17b). To a solution of 5 mmol of compounds 16a (1.66 g) or 16b (1.87 g) in absolute ethanol (50 mL), sodium ethoxide (1.17 mL, 15 mmol) was added and the reaction mixture was heated under reflux for 4 h. Then the reaction mixture was treated with acidified water. The obtained solid was filtered off, washed with cold water and crystallized to give the corresponding tetracycles 17a,b. Opisana je reakcija nukleofilne supstitucije 2,4-dihlor-6-metilhinolina (1) i 4-hlor-6-metilhinolin-2(1H)-ona (7) sa malononitrilom i etil-cijanoacetatom. Hinolinilmalononitril 8a i cijanoacetat 8b, upotrebqeni su za dobivawe novih polifunkcionalizovanih benzohinolinona 10a,b, piridilhinolinona 11a,b, pirazolilhinolinona 12a-e, izoksazolilhinolinona 13, pirimidinilhinolinona 14a-c, tijenohinolinona 15, 16a,b i piridotijenohinolinona 17a,b. Strukture novih jediwewa odre|ene su na osnovu analiti~kih i spektralnih rezultata. (Primqeno 14. jula 2005) 
2-[(2-Chloroacetyl)amino]-1-cyano-8-methylthieno[2,3-c]quinolin-4(5H)-one (16a) and 1-cyano-8-methyl-2-[(2-phenylacetyl)amino]thieno

11-Amino-10-chloro-2-methylpyrido[3',2'-4,5]thieno[2,3-c]quinoline-6,9(5H,8H)-dione (17a) and 11-amino-2-methyl-10-phenylpyrido
